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A rst-priniples omparison of the eletroni
properties of MgCyNi3 and ZnCyNi3 alloys
P. Jiji Thomas Joseph and Prabhakar P. Singh
Department of Physis, Indian Institute of Tehnology Bombay, Mumbai India 400076
Abstrat. First-priniples, density-funtional-based eletroni struture alulations
are employed to study the hanges in the eletroni properties of ZnCyNi3
and MgCyNi3 using the Korringa-Kohn-Rostoker oherent-potential approximation
method in the atomi sphere approximation (KKR-ASA CPA). As a funtion of
dereasing C at%, we nd a steady derease in the lattie onstant and bulk modulus in
either alloys. However, the pressure derivative of the bulk modulus displays an opposite
trend. Following the Debye model, whih relates the pressure derivative of the bulk
modulus with the average phonon frequeny of the rystal, it an thus be argued that
ZnCNi3 and its disordered alloys posses a dierent phonon spetra in omparison to
its MgCNi3 ounterparts. This is further justied by the marked similarity we nd in
the eletroni struture properties suh as the variation in the density of states and the
Hopeld parameters alulated for these alloys. The eets on the equation of state
parameters and the density of states at the Fermi energy, for partial replaement of
Mg by Zn are also disussed.
A rst-priniples omparison of the eletroni properties ofMgCyNi3 and ZnCyNi3 alloys 2
1. Introdution
In spite of being iso-strutural and iso-valent to the ubi perovskite 8K superondutor
MgCNi3 [1℄, ZnCNi3 remains in the normal metal state down to 2K [2℄. The spei
heat measurements indiate that the absene of superondutivity in ZnCNi3 may
be due to a substantial derease in the density of states at the Fermi energy N(EF )
resulting from its relatively low unit ell volume in omparison with MgCNi3 [2℄.
However, eletroni struture alulations show that the derease inN(EF ) is not sizable
enough to make ZnCNi3 non-superonduting [3℄. For both MgCNi3 [4, 5, 6, 7℄ and
ZnCNi3 [3℄ the density of states spetra display similar harateristis, partiularly in
the distribution of eletroni states near the Fermi energy EF . The eletroni states at
EF are dominated by Ni 3d states with a little admixture of C 2p states. There exists a
strong van Hove singularity-like feature just below EF , whih is primarily derived from
the Ni 3d bands.
To aount for the lak of superondutivity in ZnCNi3, the density-funtional
based alulations emphasize that the material subjeted to the spei heat
measurements may be non-stoihiometri in the C sub-lattie [3℄. This would then make
it similar to the α− phase of MgCNi3, whih has a low unit ell volume and remains
non- superonduting [8℄. It has been shown earlier that exat C ontent in MgCyNi3
depends on the nature of synthesis and other experimental onditions [1, 8, 9, 10, 11, 12℄.
Aording to Johannes and Pikett [3℄, the arguments that favor non-stoihiometry are
the following: (i) Total energy minimization en-route to equilibrium lattie onstant
within the loal-density approximation (LDA) nds an overestimated value for ZnCNi3
in omparison with the experimental values. In general, overestimation is not so ommon
in LDA. Meanwhile, when one uses similar tehnique for MgCNi3, the alulations nd
a slightly underestimated value whih is onsistent within the limitations of the density-
funtional theory [4, 13, 14℄. (ii) The authors also nd N(EF ) in MgCNi3 estimated
as 13.6 states/Ry atom, while for ZnCNi3, under similar approximations, it was found
to be 11.01 states/Ry atom. Note that it has been shown both experimentally as
well as from rst-priniples alulations that a derease in the lattie onstant or a
derease in the C oupany would lead to a derease in N(EF ) [13℄. (iii) A derease
in the unit ell dimensions an indue phonon hardening. This is well supported by
the experiments whih nd the Debye temperature approximately 1.6 times higher for
ZnCNi3 in omparison to MgCNi3[2℄.
Earlier synthesis of ZnCyNi3 [15, 16, 17℄ nds the lattie onstant to be 6.899
a.u., for whih the oupany in the C sub-lattie was just 70%. The authors have
employed similar preparation tehnique for MgCNi3 [15℄ and have found that the
C oupany ranges between 0.5-1.25, whih is onsistent with the reent reports
[1, 8, 9, 10, 11, 12, 18℄. Lattie onstant for ZnCNi3, as high as 7.126 a.u. has also
been reported elsewhere [19, 20℄, whih then beomes onsistent with the reent total
energy minimized value using density-funtional based methods. Hene, it seems that
ZnCNi3 whih was subjeted to spei heat experiments [2℄ may indeed suer from
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non-stoihiometry.
To understand and ompare the eets of C stoihiometry on the strutural and
eletroni properties of MgCyNi3 and ZnCyNi3, we arry out a detail study using
the Korringa-Kohn-Rostoker (KKR) Green's funtion method [21, 22℄ formulated in
the atomi sphere approximation (ASA) [23℄. For disorder, we employ the oherent-
potential approximation (CPA) [24℄. Charaterization of MgCyNi3 and ZnCyNi3 with
0.85 ≤ y ≤ 1.00 mainly involves the hanges in the equation of state parameters viz., the
equilibrium lattie onstant, bulk modulus and its pressure derivative. The eletroni
struture is studied with the help of total and sub-lattie resolved density of states.
The propensity of magnetism in these materials is studied with the help of xed-spin
moment method [25℄ in onjuntion with the Landau theory of phase transition [26℄.
The Hopeld parameter η whih generally maps the loal hemial property of an
atom in a rystal is also alulated as suggested by Skriver and Mertig [27℄, and its
variation as a funtion of lattie onstant has also been studied. In general, we nd
that both MgCNi3 and ZnCNi3 display very similar eletroni struture. Evidenes
point that the non-superonduting nature of ZnCNi3 may be related to the rystal
struture harateristis, namely phonon spetra.
2. Computational details
The ground state properties of MgCyNi3 and ZnCyNi3 are alulated using the KKR-
ASA-CPA method of alloy theory. For improving alloy energetis, the ASA is orreted
by the use of both the mun-tin orretion for the Madelung energy [28℄ and the
multi-pole moment orretion to the Madelung potential and energy [29, 30℄. These
orretions have brought signiant improvement in the auray of the total energy by
taking into aount the non-spherial part of polarization eets [31℄. The partial waves
in the KKR-ASA alulations are expanded up to lmax = 3 inside atomi spheres,
although the multi-pole moments of the eletron density have been determined up
to lMmax = 6, whih is used for the multi-pole moment orretion to the Madelung
energy. In general, the exhange-orrelation eets are taken into onsideration via
the loal-density approximation with Perdew and Wang parametrization [32℄, although
a omparison in the equation of state parameters has been made in this work with the
generalized gradient approximation (GGA) [33℄. The ore states have been realulated
after eah iteration. The alulations are partially salar-relativisti in the sense that
although the wave funtions are non-relativisti, rst order perturbation orretions to
the energy eigenvalues due to the Darwin and the mass-veloity terms are inluded. The
atomi sphere radii of Mg (Zn), C and Ni were kept as 1.404, 0.747, and 0.849 of the
Wigner- Seitz radius, respetively. The vaanies in the C sub-lattie are modeled with
the help of empty spheres, and their radius is kept same as that of C itself. The overlap
volume resulting from the blow up of the atomi spheres was less than 15%, whih is
legitimate within the auray of the approximation [34℄.
The eletron-phonon oupling parameter λ an be expressed as η/M 〈ω2〉, where
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η is the Hopeld parameter, expressed as the produt of N(EF ) and the mean square
eletron-ion matrix element 〈I2〉, with M and 〈ω2〉 being the ioni mass and average
phonon frequeny [35℄. However, one may note that the above deomposition of the
problem into eletroni and phonon ontributions is only approximate sine in priniple
〈ω2〉 is also determined by the eletroni states. It follows that the Hopeld parameter is
the most simple basi quantity whih one may obtain from rst-priniples as suggested
by Gaspari and Gyory [36℄. The latter assumes a rigid mun-tin approximation
(RMTA) in whih the potential enlosed by a sphere rigidly moves with the ion and the
hange in the rystal potential, aused by the displaement, is given by the potential
gradient. Within the RMTA the spherially averaged part of the Hopeld parameter
may be alulated as,
η0 =
2
N(EF )
∑
l
(l + 1)M2l,l+1
Nl(EF )Nl+1(EF )
(2l + 1)(2l + 3)
(1)
where N(EF ) is the total density of state per spin at the Fermi energy, and Nl the l
th
partial density of state alulated at the Fermi energy EF , on the site onsidered. The
term Ml,l+1 is the eletron-phonon matrix element given as [27℄,
Ml,l+1 =
∫ S
0
r2Rl
dV
dr
Rl+1dr (2)
whih are obtained from the gradient of the potential and the radial solutions Rl and
Rl+1 of the Shrodinger equation evaluated at EF . The speial form of the Eqs.1 and 2
stems from the ASA in whih the radial wave funtions are normalised to unity in the
atomi sphere of radius S, i.e.,
∫ S
0 r
2R2l (r)dr=1. In ASA, Ml,L+1 is expressed in terms
of logarithmi derivatives Dl=rR
′
l/Rl evaluated at the sphere boundary. Skriver and
Mertig derive the expression for Ml,l+1 as
Ml,l+1 = −φl(EF )φl+1(EF )×
{[Dl − l)] [Dl+1 + l + 2)] + [EF − V (S)]S
2}
(3)
where V (S) is the one-eletron potential and φl(EF ) the sphere boundary amplitude of
the l partial wave evaluated at EF .
Numerial estimate to the magneti energy are arried out using the xed-spin-
moment method [25℄. In the xed-spin-moment method the total energy is obtained
for a given magnetization M , i.e., by xing the numbers of eletrons with up and down
spins. In this ase, the Fermi energies in the up and down spin bands are not equal
to eah other beause the equilibrium ondition would not be satised for arbitrary
M . At the equilibrium M two Fermi energies will oinide with eah other. The total
magneti energy beomes minimum or maximum at this value of M . Note that the
two approahes, i.e., the self-onsistent, oating-spin-moment method as well as the
xed-spin moment-method are equivalent in the sense that for a given lattie onstant
the magneti moment alulated by the standard oating-spin moment approah is
the same as the magneti moment for whih the xed-spin moment total energy has its
minimum [37℄. In pratie, the oating-spin moment approah sometimes runs into some
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onvergene problem. From experiene, to avoid suh prediaments in onvergene, one
may arefully monitor the mixing of the initial and nal harges during the iterations
and inrease the number of k− points. Thus, for a better resolution to determine the
hange in the total energy with respet to the input magnetization, the k- mesh had
1771 k− points in the irreduible wedge of the ubi Brillouin zone.
By the xed-spin-moment method the dierene ∆E(M) (=E(M)−E(0)) for given
values of M is alulated. The alulated ∆E(M) is tted to the phenomenologial
Landau equation of phase transition whih is given as
∆E(M) =
∑
n>0
1
2n
a2nM
2n
(4)
for n = 3, where the sign of the oeient a2n for n = 1 determines the nature of the
magneti ground state, i.e., a2>0 refers to a paramagneti ground state while a2 < 0
refers to a ferromagneti phase. We have applied the approah desribed above to the
study of arbon vaany in MgCNi3 [13℄ and 3d transition-metal-MgCNi3 alloys [14℄.
3. Results and Disussion
3.1. Equation of state
Both X-ray and neutron diration tehniques unambiguously report MgCNi3 and
ZnCNi3 as ubi perovskites with their lattie onstants determined as 7.201 and 6.918
a.u., respetively. Assuming an underlying rigid ubi lattie, with Mg(Zn) at ube
orners, Ni at the faes and C at the otahedral interstitial site, the total energy
minimization were arried out to determine the equation of state parameters. The
total energies alulated, self-onsistently, for six lattie onstants lose to equilibrium
were fed as input to a third-order Birh-Murnaghan equation of state [38, 39℄. Note that
the Birh-Murnaghan equation is derived from the theory of nite strain, by onsidering
an elasti isotropi medium under isothermal ompression, with the assumption that the
pressure-volume relation remains linear. Hene, in the optimization proedure we have
restrited the hoie lose to the equilibrium.
GGA LDA
ZnCNi3 MgCNi3 ZnCNi3 MgCNi3
aeq (a.u.) 7.2255 7.3041 7.0558 7.1387
Beq (Mbar) 0.3886 0.3479 0.4656 0.4188
B
′
eq 4.4106 4.5255 4.3444 4.7813
Table 2. Comparison of the equation of state parameters of ubi perovskite ZnCNi3
with that of MgCNi using the KKR-ASA method as desribed in the text.
Sine the hoie of the exhange orrelation potential in the Kohn-Sham
Hamiltonian has proven to be sensitive in the strutural haraterization, we have arried
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out the total energy minimization for two dierent approximations, namely the LDA and
GGA [32, 33℄. The results are shown in Table.2. The GGA onsiderably overestimates
the lattie onstant for either alloys, when ompared to the experimental values. For
MgCNi3, using the LDA desription of the exhange-orrelation, the lattie onstant
was alulated as 7.139 a.u., with the bulk modulus and its pressure derivative as 0.42
Mbar and 4.78 respetively. These values are onsistent with the earlier rst-priniples
reports [4, 6℄. The underestimation in the lattie onstant for MgCNi3, however when
ompared to the experiments, owe to the over-binding eets in the LDA, and is a well
known problem.
For ZnCNi3 the equilibrium lattie onstant alulated using LDA yielded the
value as 7.056 a.u. whih when ompared to the reent X-ray diration results [2℄
of 6.918 a.u., was found to be an overestimation. However, the results of the present
alulations are onsistent with the works of Johannes and Pikett [3℄ who employed the
FP-LAPW method. Note that the onsisteny of the ASA alulations with that of the
full-potential ounterparts owe to the inlusion of the mun-tin orretion [28℄. The
KKR-ASA alulations further nds the bulk modulus and its pressure derivative of
ZnCNi3 as 0.46 Mbar and 4.34, respetively. As mentioned above, the overestimation
of lattie onstant in LDA is not so ommon, whih suggests that the samples subjeted
to the experiments may be sub-stoihiometri. This was also emphasized by Johannes
and Pikett [3℄ following the rystal struture haraterization of MgCyNi3 alloys [8℄.
In the latter, both experiments [8, 12℄ and theoretial alulations [13℄ have shown that
the lattie onstant dereases as the C ontent in the material dereases.
To look for the hanges in the equation of state parameters as a funtion of C
ontent in MgCyNi3 and ZnCyNi3 alloys, total energy minimization was arried out.
The variation is shown in Fig.1. For both MgCyNi3 and ZnCyNi3 alloys, the lattie
onstant as well as the bulk modulus derease as C at% dereases. For MgCyNi3
observed trend is onsistent with the earlier X-ray diration measurements. The rate
of derease in the lattie onstant is estimated as 0.142 a.u./at%C while for ZnCyNi3,
the lattie onstant was found to derease at the rate of 0.189 a.u. per at% of C. Though
the lattie onstant and bulk modulus showed similar trend for either alloys, the hange
in the pressure derivative of the bulk modulus as a funtion of y harateristially
diered.
The pressure derivative of the bulk modulus measures the rate at whih the material
beomes inompressible with inreasing pressure, and is sensitive to the softness of the
equation of state. In the Debye approximation for isotropi solids, whih assumes a
uniform dependene of the lattie frequenies with volume, one may express the average
phonon frequeny ω as B
′
eq∝
δ lnω
δ lnV
, where V is the equilibrium volume of the unit ell.
Note that volume for the vaany-rih alloys dereases with dereasing y, while B
′
eq
maps a dierent trend for MgCyNi3 and ZnCyNi3 alloys. Suh a behaviour indiates
that the properties assoiated with the MgCyNi3 lattie ould be harateristially
dierent from that of the ZnCyNi3 ounterparts. Also, one may note that the phonon
spetrum for MgCNi3 reveals that ertain C modes play a vital role in the materials
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Figure 1. The variation in the equation of state parameters, equilibrium lattie
onstant aeq (a.u.) , the bulk modulus Beq (Mbar) and the pressure derivative of
the bulk modulus, as a funtion of y in MgCyNi3 (open irles) and ZnCyNi3(lled
squares) alulated using the KKR-ASA-CPA method as desribed in the text.
superonduting properties in addition to those of the Ni modes [40, 41℄.
Partial replaement of Zn for Mg in MgCNi3 has shown that the transition
temperature dereases [42℄. The ndings also onlude that the nature of pairing
mehanism in MgCNi3 is onventional [42℄. To study the hanges brought about
by Zn substitutions in the Mg sub-lattie of MgCNi3, we have arried out KKR-
ASA-CPA alulations for Mg1−xZnxNi3 alloys. In Fig.2, we show the variation of
the equation of state parameters of Mg1−xZnxNi3 alloys. The derease in the lattie
onstant is onsistent with the previous experimental report. The bulk modulus as
well as its pressure derivative inreases as x inreases in Mg1−xZnxNi3 alloys. This
learly indiates that the average phonon frequeny gets modulated as Zn replaes Mg
in MgCNi3.
3.2. Eletroni struture
In Fig.3, we show the total and sub-lattie resolved partial densities of states of
MgCNi3 and ZnCNi3 alulated at their respetive equilibrium lattie onstants. The
harateristi features of both MgCNi3 and ZnCNi3 appear more or less similar with
an exeption of a sharp peak in the energy range −0.6 ≤ E ≤ −0.4, harateristi of Zn
3d states. Being deep below on the energy sale ompared to the Fermi energy, whih
is zero on the sale shown, one may expet Zn d states to be loalized and thus behave
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Figure 2. The variation in the equation of state parameters, equilibrium lattie
onstant aeq (a.u.) , the bulk modulus Beq (Mbar) and the pressure derivative of the
bulk modulus, as a funtion of x in Mg1−xZnxCNi3 alulated using the KKR-ASA-
CPA method as desribed in the text.
atomially. While for MgCNi3 a small peak harateristi of the Mg-Ni bonding also
appears in this energy range, but is less pronouned. Furthermore, the states near
EF are predominantly Ni 3d in harater in both alloys, with little admixture of the
C 2p states. One may also nd that the position of the Ni 3d derived singularity is
slightly lower in the energy sale for ZnCNi3 than for MgCNi3, whih is onsistent
with the previous results. The N(EF ) and the ontributions to it from the sub-latties
are ompared in Table.4.
N(EF ) Zn(Mg) C Ni Ni dxy(xz) Ni dyz Ni dx2−y2 Ni d3z2−1
ZnCNi3 13.005 0.945 1.076 10.984 4.002 0.168 1.296 0.606
MgCNi3 14.557 1.016 1.199 12.341 4.509 0.097 1.474 0.658
Table 4. Comparison of the total N(EF ) and sub-lattie resolved density of states of
ZnCNi3 and MgCNi3 expressed in units of states/Ry atom.
The reported values of N(EF ) for MgCNi3 are at variane with the existing
reports [4, 5, 6, 7, 43, 44, 45, 46, 47℄. It appears that the value is sensitive to the
basi approximations made in eah type of the eletroni struture method, and also
to the parameters like that of the hoie of Wigner-Seitz radii, hoie of the exhange-
orrelation potential and others. However, under similar approximations, it is lear
that for ZnCNi3 the N(EF ) redues by 12% in omparison with MgCNi3. This is
onsistent with the earlier rst-priniples FP-LAPW alulations [3℄. The redution in
N(EF ) may be largely due to the smaller lattie onstant of ZnCNi3, in omparison
withMgCNi3. The hange in the density of states, as well as in the N(EF ) as a funtion
of lattie onstant is shown in Fig.4. Approximating the variation of N(EF ) to be linear
with respet to the lattie onstant, we nd dN(EF )/da to be 20.46 and 22.02 st/Ry
atom/a.u for MgCNi3 and ZnCNi3, respetively.
To understand the hanges in the eletroni struture upon the introdution of C
vaanies, we in Figs.5, 6, 7 and 8 show the hanges in the total and sub-lattie resolved
C 2p and Ni 3d partial densities of states of ZnCyNi3 and MgCyNi3 alloys alulated
at their equilibrium lattie onstants. It follows from the gures that the hange in the
distribution of states is more or less insigniant near the Fermi energy, but states lower
in energy undergo substantial hanges.
Upon reation of vaanies, a few of the C 2p - Ni 3d bonds break, and result
in harge redistribution. Note that the CNi6 otahedral is a ovalently built omplex
to whih the ations at the ube orners (Zn and Mg) are thought to have donated
their outermost valene eletrons. The rystal geometry suggests six Ni atoms as the
rst nearest neighbors to C and eight Mg/Zn atoms as its seond nearest neighbors.
For Ni the seond nearest oordination shell arries four Mg/Zn atoms. The harge
redistribution arising due to the breaking of the p-d bonds would be proportional to the
eletro-positivity of the ation- Mg/Zn. Sine Mg is more eletro-positive than Zn,
harge redistribution to the Mg/Zn sub-latties, as a funtion of vaanies would be
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Figure 3. Comparison of the total and sub-lattie resolved partial density of states
of ZnCNi3 and MgCNi3, alulated at their respetive equilibrium lattie onstants.
The vertial line through energy zero represents the alloy Fermi energy. In the inset
we show a blow up of the total density of states near the Fermi energy.
more signiant in MgCNi3 when ompared to ZnCNi3. This is onsistent with the
fat that a larger fration of the harge would be transferred bak to theMg sub-lattie,
in MgCNi3 in omparison with that of the Ni sub-lattie.
The hange in the N(EF ) as a funtion of lattie onstant inMg1−xZnxCNi3 alloys
is shown in Fig.9. One may nd that N(EF ) dereases for all values of x, with respet
to lattie onstant. However, N(EF ) as a funtion of x, at the equilibrium lattie
onstant, was found to deviate a little, as is evident from Fig.9. This learly suggests
that the eletroni struture properties are mainly governed by the CNi6 otahedra.
The atoms oupying the ube orners i.e., Mg and Zn, however, play a non-trivial role
in determining the strutural properties.
3.3. Hopeld parameter
The Hopeld parameter η has been regarded as a loal hemial property of an atom
in a rystal. It has been emphasized earlier that the most signiant single parameter in
understanding the TC of a onventional superondutor is the Hopeld parameter [35℄.
For strong-oupling systems, the variation in η is more important than the variation of
〈ω2〉 in hanging TC . Softening 〈ω
2〉 often does enhane TC , but a signiant hange
in the magnitude of TC depends largely on a signiant hange in the η value rather
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Figure 4. Comparison of the hange in the total density of states near Fermi energy
of ZnCNi3 and MgCNi3 for a range of lattie onstant as indiated in the gure.
The vertial line through energy zero represents the alloy Fermi energy.
than a small hange in the orresponding 〈ω2〉. As a matter of fat, we look for the
hanges in the η from the three sub-latties of these perovskites as a funtion of lattie
onstant as well as y in MgCyNi3 and ZnCyNi3 alloys. Note that for MgCNi3, it
has been reported that the superonduting transition temperature TC inreases upon
appliation of external pressure [48, 49℄. Besides, experiments remain ontroversial on
the strength of the eletron-phonon interation in MgCNi3 [50, 51, 48, 52℄. It has
been suggested that MgCNi3 may be a strongly-oupled superondutor, however, the
magnitude of TC being marginally redued due to the paramagnon interations [4, 51℄.
In Fig.10 we show the hanges in the η of MgCNi3 and ZnCNi3 as a funtion of
lattie onstant. It is lear from Fig.10 that the ηC and ηNi linearly inrease as a funtion
of dereasing volume in either alloys. If the hange in the average phonon frequeny
remains small, then either of these alloys ould enhane the transition temperature with
respet to external pressure. For MgCNi3 this view is onsistent with the previous
experimental results. Similar harateristi feature holds for the vaany-rih disordered
alloys, the variation of whih is shown in Fig.11 and 12
To have an understanding in the variation of ηC , ηvac and ηNi where ηvac an be
onsidered as the loal hemial property of the eletrons in the empty sphere, we show
in Fig.13 the hange in these parameters as a funtion of y in both MgCyNi3 and
ZnCyNi3 alloys. One may nd that the variation of η remains similar for both the
alloys as a funtion of dereasing C ontent.
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Figure 5. Comparison of the hange in the total density of states of ZnCyNi3 (solid
line) andMgCyNi3 (dashed lines) alloys alulated at their equilibrium lattie onstant
with y as indiated. he vertial line through energy zero in eah panel show represents
the Fermi energy.
3.4. Magneti properties
Total energies from both the self-onsistent, spin polarized and spin unpolarized
alulations remain degenerate for MgCNi3 and ZnCNi3 alloys at their equilibrium
lattie onstants. This unambiguously shows that the materials are non-magneti in
nature. However, having suggested that MgCNi3 is on the verge of a ferromagneti
instability [4, 5, 51, 53, 54℄, and also that inipient magnetism in the form of spin-
utuations reside in the material, we attempt to ompare the magneti properties of
MgCNi3 and ZnCNi3 alloys using the xed-spin moment approah of alloy theory [25℄.
Numerial alulations of magneti energy ∆E(M) for MgCNi3 and ZnCNi3 are
arried out at over a range of lattie onstants. The alulated results of ∆E(M) in the
xed-spin-moment method are shown in Fig.14. The alulated∆E(M) urves are t to
the form of a power series of M2n up to n = 3, for the polynomial as mentioned above.
The variations of the oeients, a2 in units of
T
µB
, a4 in
T
µ3
B
, and a6 in
T
µ5
B
as a funtion
of lattie onstant are shown in Fig.15. The propensity of magnetism an be inferred
from the sign of the oeient whih is quadrati in M , i.e., a2. The oeient a2 is
the measure of the urvature and is positive denite when the total energy minimum is
at M = 0, thus referring to a paramagneti ground state. In general, when a2 beomes
negative, it infers that there would exist a minimum in the ∆E −M urve at a value
other than M = 0 referring to a ferromagneti phase at that value of M . The higher-
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Figure 6. Comparison of the hange in the sub-lattie resolved C 2p partial density of
states of ZnCyNi3 (solid line) and MgCyNi3 (dashed lines) alloys alulated at their
equilibrium lattie onstant with y as indiated. The vertial line through energy zero
in eah panel represents the Fermi energy.
order oeients a4 and a6 however are signiant and they ontrol the variation of
∆E with respet to M . For example, for larger values of M , a4 and suessively a6
would dominate, and if a4(a6) tends to be negative it would show a dip in the ∆E −M
variation pointing towards a magneti transition at a higher value of M . This, in the
rst-priniples haraterization of the magneti properties of a material would refer
to a possibility of a metastable phase at relatively large values of external magneti
elds. However, it has to be noted that alulations for large values of M an result in
ambiguous results. Hene, it is suggested to arry out alulations for smaller values of
M and use the above mentioned polynomial funtion up to the minimum order, where
the urve ts with suient auray.
Fig. 15 shows that for smaller values of lattie onstant, the alloys show an
enhaned paramagneti harater. One may also note that the variation in a4 and
a6 oeients are oppositely omplimented and hene in the renormalized approah to
inlude orretions due to spin-utuations, as suggested by Yamada and Terao [55℄,
they would anel out in proportion preserving the trend in the variation of a2. Thus,
it beomes likely that the inipient magneti properties assoiated with MgCNi3 and
ZnCNi3 would derease as a funtion of dereasing lattie onstant.
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Figure 7. Comparison of the hange in the sub-lattie resolved Ni 3d partial density
of states of ZnCyNi3 and MgCyNi3 alloys, over a small energy window around Fermi
energy, alulated at their equilibrium lattie onstant with y as indiated. The vertial
line through energy zero in eah panel represents the Fermi energy.
4. Conlusions
First-priniples syudy of the eletroni properties of MgCNi3 and ZnCNi3, and also
their non-stoihiometri alloys are arried out using the density-funtional-based KKR-
ASA method. We nd that the lattie onstant for ZnCNi3 is overestimated, while for
MgCNi3 it is underestimated. This suggests that the material ZnCNi3 subjeted
to experiments may be non-stoihiometri. As a funtion of dereasing C ontent
in MgCyNi3 and ZnCyNi3 alloys, one nds an opposite trend in the variation of
pressure derivative of the bulk modulus, whih is proportional to the averaged phonon
frequeny. With eletroni struture remaining essentially the same for MgCyNi3 and
ZnCyNi3, the results hint that non-stoihiometry may have opposite eets. Note that
for 0.9 < y < 1.0, MgCyNi3 alloys are feebly superonduting, while aording to
the onjeture that has been made ZnCyNi3 is not. It an thus be inferred that the
assoiated phonon modes in ZnCNi3 and its disordered alloys may be harateristially
dierent when ompared to the MgCNi3 ounterparts. A omparison of the phonon
spetra of these alloys thus beome quite neessary to understand the absene of
superondutivity in ZnCNi3, although it is iso-strutural and iso-valent withMgCNi3.
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Figure 11. The 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tion
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onstant in MgCyNi3 alloys with y as indiated.
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